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ABSTRACT
Background: One of the root causes of crowding at the Emergency Department (ED) is boarding, i.e. the practice of holding
admitted patients in the ED until an inpatient (IP) bed becomes available. Although ED boarding has been approached by various
authors, few of them have aimed to see how different hospitals perform in regard to this issue.
Objective: This study will approach ED boarding from different angles, analyzing both quantitative and qualitative data, and
following both deductive and inductive reasoning. The purpose is to develop a validated integrative conceptual framework which
can be used to analyze ED boarding, and to look for solutions.
Methods: The development of the framework is based on an extensive literature review and a multiple case study research with
both qualitative and quantitative data collection.
Results: ED boarding was found to be prominent in the studied hospitals. Four root causes of ED boarding were elucidated,
which are: (1) uncoordinated admissions and discharges, (2) late discharges, (3) the inability to discharge patients, and (4) a lack
of communication, collaboration, and information between the different actors of the patient care process. Many solutions are
proposed to improve these issues.
Conclusions: Through the analysis of various types of data, an integrative conceptual framework for ED boarding was elaborated
for analyzing causes and seeking solutions. The quantative data cannot only be used in the analysis stage, but can also help
in designing a solution as there are clear recognizable trends in arrival, discharge and ED boarding time. “Communication,
collaboration and information”, although not explicitly discussed in the literature, was found to be the most prominent cause and
solution to ED boarding in the field study.
Practice implications: Management practitioners now have a framework demonstrating probable causes for ED boarding, which
provides a starting point for analysis within their establishments. Pathways to improvement are suggested as well, which will help
managers to reduce ED boarding. Communication, collaboration and information are important in these improvement efforts.
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1. INTRODUCTION
Emergency department (ED) overcrowding has been a threat
to public health for numerous years, and continues to cause
various deleterious effects on both patients and those in-
volved in the process of care.[1] This issue has been discussed
extensively in regards to EDs across the United States,[2] but
the problem manifests itself worldwide.[3] Causes of the ED
crowding are multifactorial,[4] and are often interrelated. The
patient flow process is composed of smaller processes that
are intertwined to form a global patient care stream, which
means that any delays or issues relative to one of the parts
affects its entirety.
One of the root causes of ED crowding is ED boarding.[5]
As Asplin et al. wrote, it “may be the most important [area]
for immediate research and operational strategies to allevi-
ate ED crowding”.[6] ED boarding has been defined in a
variety of ways according to the goals of the authors employ-
ing the term. The most common definition is the following:
“The practice of holding admitted patients in the ED until an
inpatient (IP) bed becomes available [is] commonly called
‘boarding’ [. . . ]”[7] In this scenario, patients are considered
“boarders” as soon as their admission is requested by the ED
physician, and are categorized as such until they arrive to
their intended IP bed. This is the definition that will be used
in the context of this study.
As one of the root causes of ED crowding, it has been as-
sociated with the various deleterious effects that this issue
produces for patients, such as delay of care,[8] patient safety
and quality of care issues,[9] and increased mortality,[10] to
name a few. As Falvo et al. wrote, “Until IP beds are as-
signed and the patients can be safely transferred, the ED staff
must ‘board’ those patients in ED treatment beds and provide
IP nursing services. Boarding IPs consume ED resources,
prolongs the time all patients wait for medical attention, and
reduces the number of ED treatment beds available to ac-
commodate sudden surges in demand.”[11] It is because of
its important role in causing the ED crowding and hindering
patient care that ED boarding needs to be addressed more
extensively.
Although ED boarding has been approached by various au-
thors, few of them have aimed to see how different hospitals
perform in regards to this issue. This study will approach the
subject from different angles, analyzing both quantitative and
qualitative data, and following both deductive and inductive
reasoning. The purpose is to develop a validated integra-
tive conceptual framework which can be used to analyze ED
boarding, and to look for solutions. The development of the
framework is based on an extensive literature review and
multiple case study research.
2. CONCEPTUAL FRAMEWORK
With the knowledge gained through an extensive literature re-
view of over 110 articles spanning a period of over 20 years,
an initial conceptual framework was established that allows
for a better understanding of the root causes and possible
solutions to ED boarding. The articles were obtained from
various medical and hospital management journals so as to
acquire a global viewpoint from both a clinical and a manage-
rial perspective. We do not report on this extensive literature
review in this paper, but refer the reader to systematic lit-
erature reviews (e.g. Chan et al.)[12] and to the discussion
section where we included relevant studies supporting the
empirical findings.
ED boarding is an important cause of ED overcrowding, and
the conceptual framework was constructed to demonstrate
how these two issues are interrelated, progressively narrow-
ing in scope towards the particular portion of the hospital-
ization process that includes emergency boarding. The con-
ceptual framework (see Figure 1) included 12 causes of the
ED crowding structured according to the input-throughput-
output model of Asplin et al.,[6] 8 effects caused by these
different factors, and finally 4 solutions to ED boarding.
3. METHODS
3.1 Study design
The conceptual framework was used to analyze the issue of
ED boarding within the context of three hospitals located in
the province of Quebec (Canada) in order to answer three
research questions:
• What are the root causes of ED boarding within hospi-
tals?
• To what extent are these causes similar or different in
varying environments?
• How can we improve the process in order to reduce
the amount of boarding required?
In order to answer these research questions, a multiple case
study approach was undertaken. This methodology was cho-
sen according to the guidelines put forth by Yin.[13]
The study was approved by the research ethics committee.
Each participant was asked to give his/her explicit consent for
the recording of the interview, and will have the possibility
of interrupting the recording at any point in time.
3.2 Study population
Based on the willingness and ability of hospitals to partici-
pate, three cases were chosen to corroborate the information
acquired from the literature. Each hospital operates within a
particular context that differs from the two others, which is
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beneficial for this research, as one of the three research ques-
tions pertains to the root causes of ED boarding in different
environments. The participating hospitals are distributed as
follows:
Figure 1. Initial conceptual framework displaying the
causes and solutions of ED boarding based on an extensive
literature review
1. Hospital A: Large (approx. 550 IP beds) urban hospital;
2. Hospital B: Small (approx. 200 IP beds) urban hospital;
and
3. Hospital C: Small (approx. 250 IP beds) regional hospital.
Twenty-five actors were each met with individually for a
semi-structured interview, having few set questions and using
mainly probing questions in order to obtain accurate informa-
tion as to the issues causing ED boarding and their possible
solutions. These participants were distributed according to
titles and type, including 13 ED administrators/managers
(heads of the ED, heads of the IP care unit, bed management
coordinator) and 12 clinical/support employees (assistant
head nurses (AHNs), nurses, social worker).
3.3 Study protocol
A qualitative interview guide, a consent form, and a socio-
demographic data sheet were elaborated prior to the inter-
views. The interviews were semi-structured. The interview
sought to validate whether the possible causes of ED board-
ing elucidated in the conceptual framework were present
within the participating hospitals. Ultimately, the intervie-
wees were asked to emphasize 4 key issues causing ED
boarding out of everything that they had mentioned, and
possible solutions that could improve ED boarding times.
Once the hospitals were chosen, multiple sources of data
were exploited in order to thoroughly analyze the issue of
ED boarding within the case studies: interviews and direct
observation were planned, quantitative data regarding patient
flow was obtained, and official documents were consulted. A
one-day direct observation was also conducted to understand
the reality of each hospital.
Quantitative information was obtained regarding the date and
time of every admission request completed, as well as the
date and time of every subsequent patient arrival to IP care
units for 2013. With this data, it was possible to calculate
average boarding times according to various metrics such as
the season, the month, the day of the week and the time of
day on an hourly basis.
3.4 Data analysis
The quantitative data was analyzed by using a generalized
linear model in SAS Software v.9.3. using the general lin-
ear model (GENMOD) procedure. The dependent variable,
boarding time (measured in minutes) was compared with the
various independent variables seasons, months, days of the
week, and the time of day. Seasons, months, and days of the
week were modeled as categorical independent variables, and
a reference point was chosen for each as a baseline; respec-
tively, Winter, January, and Monday. In other words, all other
variables within their respective categories were weighted
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against these reference points to compare their impact on
boarding time. The time of day was modeled as a continuous
independent variable, and as such, no reference point within
this variable type was required. All four independent vari-
ables were also weighted globally to understand whether or
not they had a significant impact on boarding time. Scaled
Deviance was 1.0025 for Hospital A, 1.0042 for Hospital B,
1.0042 for Hospital C, and 1.0012 for the combined analysis
of all three hospitals, which means that the model was an
excellent fit, and that the data is sound. Data was established
as statistically significant if the Wald 95% Confidence Limits
did not include 0 within their boundaries and if p < .05.
Within the qualitative interviews, participants were asked to
elucidate 4 key issues that may cause ED boarding within
their respective institutions. When possible, the problems
that they mentioned were categorized within the 12 causes
found within the literature. When their answers were un-
related or too different from the 12 proposed categories, a
new category was created. Since this study also follows
inductive reasoning, additional categories were expected. Ul-
timately, the additional categories created were as follows:
(1) unbalanced surgical schedule; (2) specific patient needs
(e.g. telemetry); (3) specific patient dispositions related
to hospital-acquired infections (e.g. vancomycin-resistant
enterococci [VRE]); (4) inability to discharge patients and
(5) lack of communication/collaboration/information. The
qualitative data was segmented according to the hospital,
categorized employee titles, and employment categories (ad-
ministration or clinical/support) in order to understand the
causes of ED boarding within different institutions and ac-
cording to different actors. When possible, quantitative data
was interpreted to validate the answers obtained within the
qualitative interviews.
Data was also collected from the qualitative interviews as
to potential solutions to ED boarding. Participants were en-
couraged to propose as many solutions or improvements as
they could think of regarding the causes they had elucidated
or other problems that they thought needed attention. The
data was compiled and segmented by hospital, categorized
by employee titles, and employment categories, as it had
been for the potential causes. Many of the proposed solu-
tions did not fit within the categories created from the litera-
ture review, and as such, 5 more categories were created:
(1) improving communication/collaboration/information,
(2) improving resource management, (3) improving infec-
tious disease management, (4) preparing patient discharge
more extensively, and (5) improving external resources. As
with the potential causes, potential solutions were corrobo-
rated with quantitative data when available.
4. RESULTS
4.1 Quantitative results
4.1.1 Hospital A
Spring was the season within which most admissions were
requested (26.60%), while Winter saw the least admission
requests (23.75%). The season with the poorest performance
in terms of average boarding time was Winter (1,291.04 min-
utes), while Spring had the lowest average boarding time of
all seasons (822.28 minutes) (see Figure 2). Seasons were
found to be statistically significant in affecting boarding
times (p = .0001).
May was the month within which most admissions were
requested (8.99%), while February saw the least admission
requests (7.55%). The month with the poorest performance
in terms of average boarding time was January (1,454.47 min-
utes), while May had the lowest average boarding time of all
months (723.39 minutes) (see Figure 3). Months were found
to be statistically significant in affecting boarding times
(p ≤ .0001).
Tuesday was the day of the week within which most admis-
sions were requested (15.95%), while Sunday saw the least
admission requests (13.32%). The day of the week with the
poorest performance in terms of average boarding time was
Friday (1,138.31 minutes), while Monday had the lowest
average boarding time of all days of the week (967.36 min-
utes) (see Figure 4). Finally, Friday saw the most discharges
(20.75%), while Sunday had the least (6.85%) (see Figure 5).
Days of the week were not found to be statistically significant
in affecting boarding times (p = .0720).
16:00-16:59 was the hour within which most admissions
were requested (8.85%), while 05:00-05:59 saw the least
admission requests (0.71%). The hour with the poorest
performance in terms of average boarding time was 11:00-
11:59 (1,200.24 minutes), while 06:00-06:59 had the lowest
average boarding time of all hours (799.13 minutes) (see
Figure 6). Finally, 14:00-14:59 had the most discharges
(11.97%), while 06:00-06:59 had the least (0.20%) (see Fig-
ure 7). Hours were not found to be statistically significant in
affecting boarding times (p = .1299).
53.5% of admissions were requested between 08:00 and
15:59, the period within which the hospital has the most
personnel. 46.5% of admissions were requested outside of
this period. There was an important peak between 10:00
and 13:59, wherein 31.79% of admissions were requested.
30.70% of arrivals occurred between 08:00 and 15:59. 65.3%
of patients arrived to their IP beds outside of this period,
and there was an important peak between 20:00 and 23:59,
wherein 25.05% of arrivals occurred. 65.23% of discharges
happened between 08:00 and 15:59. 34.77% percent of dis-
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charges occurred outside of this period, and there was an
important peak between 13:00 and 16:59, wherein 40.94%
of discharges happened.
Figure 2. Hospital A – Admission requests and average boarding time by season
Figure 3. Hospital A – Admission requests and average boarding time by month
Figure 4. Hospital A – Admission requests and average boarding time by day of the week
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Figure 5. Hospital A – Admission requests (%), arrivals (%) and discharges by day of the week
Figure 6. Hospital A – Admission requests and average boarding time by time of day
Figure 7. Hospital A – Admission requests (%), arrivals (%) and discharges by time of day
4.1.2 Hospital B
Spring was the season within which most admissions were
requested (25.82%), while Summer saw the least admission
requests (23.10%). The season with the poorest performance
in terms of average boarding time was Summer (1,005.35
minutes), while Autumn had the lowest average boarding
time of all seasons (478.19 minutes) (see Figure 8). Seasons
were found to be statistically significant in affecting boarding
times (p ≤ .0001).
December was the month within which most admissions
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were requested (9.62%), while June saw the least admission
requests (6.84%). The month with the poorest performance
in terms of average boarding time was June (1,383.13 min-
utes), while November had the lowest average boarding time
of all months (245.61 minutes) (see Figure 9). Months were
found to be statistically significant in affecting boarding
times (p ≤ .0001).
Tuesday was the day of the week within which most admis-
sions were requested (15.67%), while Sunday saw the least
admission requests (11.55%). The day of the week with
the poorest performance in terms of average boarding time
was Monday (937.13 minutes), while while Friday had the
lowest average boarding time of all days of the week (460.82
minutes) (see Figure 10). Finally, Friday saw the most dis-
charges (22.65%), while Sunday had the least (6.63%) (see
Figure 11). Days of the week were found to be statistically
significant in affecting boarding times (p ≤ .0001).
16:00-16:59 was the hour within which most admissions
were requested (15.44%), while 05:00-05:59 saw the least
admission requests (0.07%). The hour with the poorest per-
formance in terms of average boarding time was 23:00-23:59
(1,021.11 minutes), while 06:00-06:59 had the lowest aver-
age boarding time of all hours (360.06 minutes) (see Figure
12). Finally, 14:00-14:59 had the most discharges (14.81%),
while 03:00-03:59 had the least (0.16%) (see Figure 13).
Hours were found to be statistically significant in affecting
boarding times (p ≤ .0001).
45.56% of admissions were requested between 08:00 and
15:59, the period within which the hospital has the most
personnel. 54.44% of admissions were requested outside
of this period. There was an important peak between
15:00 and 18:59, wherein 51.54% of admissions were re-
quested. 27.67% of arrivals occurred between 08:00 and
15:59. 68.33% of patients arrived to their IP beds outside of
this period, and there was an important peak between 18:00
and 21:59, wherein 35.10% of arrivals occurred. 67.56% of
discharges happened between 08:00 and 15:59. 32.44% of
discharges occurred outside of this period, and there was an
important peak between 13:00 and 16:59, wherein 49.47%
of discharges happened.
Figure 8. Hospital B – Admission requests and average boarding time by season
Figure 9. Hospital B – Admission requests and average boarding time by month
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Figure 10. Hospital B – Admission requests and average boarding time by day of the week
Figure 11. Hospital B – Admission requests (%), arrivals (%) and discharges by day of the week
Figure 12. Hospital B – Admission requests and average boarding time by time of day
4.1.3 Hospital C
Spring was the season within which most admissions were
requested (25.81%), while Winter saw the least admission
requests (24.29%). The season with the poorest performance
in terms of average boarding time was Spring (1,165.97 min-
utes), while Summer had the lowest average boarding time
of all seasons (737.58 minutes) (see Figure 14). Seasons
were found to be statistically significant in affecting board-
ing times (p ≤ .0001).
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Figure 13. Hospital B – Admission requests (%), arrivals (%) and discharges by time of day
Figure 14. Hospital C – Admission requests and average boarding time by season
Figure 15. Hospital C – Admission requests and average boarding time by month
January was the month within which most admissions were
requested (8.76%), while February saw the least admission
requests (7.80%). The month with the poorest performance
in terms of average boarding time was April (1,569.35 min-
utes), while July had the lowest average boarding time of
all months (638.57 minutes) (see Figure 15). Months were
found to be statistically significant in affecting boarding
times (p ≤ .0001).
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Friday was the day of the week within which most admis-
sions were requested (15.63%), while Sunday saw the least
admission requests (12.38%). The day of the week with
the poorest performance in terms of average boarding time
was Sunday (1,194.37 minutes), while Friday had the low-
est average boarding time of all days of the week (769.27
minutes) (see Figure 16). Finally, Friday saw the most dis-
charges (19.15%), while Sunday had the least (10.00%) (see
Figure 17). Days of the week were found to be statistically
significant in affecting boarding times (p ≤ .0001).
14:00-14:59 was the hour within which most admissions
were requested (8.71%), while 04:00-04:59 saw the least
admission requests (0.80%). The hour with the poorest per-
formance in terms of average boarding time was 03:00-03:59
(1,488.93 minutes), while 13:00-13:59 had the lowest aver-
age boarding time of all hours (813.30 minutes) (see Figure
18). Finally, 14:00-14:59 had the most discharges (12.87%),
while 02:00-02:59 had the least (0.31%) (see Figure 19).
Hours were found to be statistically significant in affecting
boarding times (p ≤ .0001).
41.83% of admissions were requested between 08:00 and
15:59, the period within which the hospital has the most
personnel. 58.17% of admissions were requested outside
of this period. There was an important peak between
14:00 and 17:59, wherein 32.10% of admissions were re-
quested. 23.94% of arrivals occurred between 08:00 and
15:59. 76.06% of patients arrived to their IP beds outside of
this period, and there was an important peak between 19:00
and 22:59, wherein 36.39% of arrivals occurred. 59.49% of
discharges happened between 08:00 and 15:59. 40.51% of
discharges occurred outside of this period, and there was an
important peak between 13:00 and 16:59, wherein 40.84%
of discharges happened.
4.2 Qualitative results
How the different categories of respondents (administration
and clinical/support staff) have contributed to the resulting
framework is shown in Table 1 (Causes) and Table 2 (Solu-
tions).
Figure 16. Hospital C – Admission requests and average boarding time by day of the week
Figure 17. Hospital C – Admission requests (%), arrivals (%) and discharges by day of the week
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Figure 18. Hospital C – Admission requests and average boarding time by time of day
Figure 19. Hospital C – Admission requests (%), arrivals (%) and discharges by time of day
5. DISCUSSION
Using Figure 20 as a framework for illustrating the causes
and solutions of ED boarding, this section is separated into
four subsections addressing causes and solutions of each
category: input, throughput, output causes, and the global
category which was added to the initial framework posited
by Asplin et al.[6] after having completed the field work.
5.1 Causes and solutions: Input category
Input factors related to the ED include “any condition, event,
or system characteristic that contributes to the demand of ED
services”.[6] This means that fluctuations in demand due to
such things as population growth, non-urgent patient flux, or
frequent users are considered to be input factors.
Andersson and Karlberg wrote about the importance of fluc-
tuations in demand for healthcare services.[14] McCarthy et
al. distinguished significant variations according to seasons
and years.[15] The literature on this topic is extensive and it
is to be expected that there are many surges in a given year
that can affect the levels of ED boarding. While none of the
interviewed participants pinpointed fluctuations in demand
as a key issue in ED boarding, the quantitative data demon-
strates that it has a significant effect on the levels of boarding
time. In the SAS general linear model, the effect of seasons
and months on ED boarding time was found to be statisti-
cally significant for every hospital (p < .0001). Additionally,
the combined general linear model which compared each
hospital to one another also found both of these variables to
be statistically significant (p ≤ .0001). Although both the
literature and the quantitative data support this as a key issue
in ED boarding; we do not present any particular solutions to
this problem, as the issues causing the variations can be mul-
tifactorial, whether related to public health, health policies,
or other such factors that are outside of the boundaries of this
research. One important conclusion is that hospital admin-
istration and clinical/support staff should take into account
demand fluctuations more explicitly to better understand ED
boarding time.
5.2 Causes and solutions: Throughput category
Throughput factors are made up of all the different aspects
of ED care from patient arrival to patient discharge, transfer,
or death. This includes processes such as triage, room place-
ment, physician evaluation, and treatment. The admission
process in itself is also part of throughput factors.
98 ISSN 1927-6990 E-ISSN 1927-7008
jha.sciedupress.com Journal of Hospital Administration 2017, Vol. 6, No. 2
Table 1. Qualitative interview results (Causes)
 
 
 
Causes 
Administration  Clinical/Support staff 
Total (#) 
 
Hosp A Hosp B Hosp C  Hosp A Hosp B Hosp C 
Input 
Fluctuations in demand 
   
 
   
0 
Non-urgent patients 
   
 
   
0 
Frequent users 
   
 
 
1 (*) 
 
1 
Discharged patients returning 
   
 
   
0 
Throughput 
Changes in resources 
   
 
   
0 
Ancillary service delays 
 
1 
 
 
 
1 
 
2 
Staffing levels 
 
1 
 
 1 2 1 4 
Physician training 
   
 
   
0 
Output 
Hospital restructuring 
   
 
   
0 
Hospital bed shortages 1 
  
 
  
1 2 
Late discharges 2 3 3  3 2 2 15 
Uncoordinated admissions/discharges 2 4 2  
 
1 2 11 
Field causes 
Resources related to specific patient needs 1 1 3  4 1 3 13 
Specific patient disposition (e.g. VRE+) 2 
 
3  4 2 2 13 
Inability to discharge patients 5 2 2  2 3 2 16 
Lack of communication/information 4 4 2  1 3 3 17 
Imbalance in surgical scheduling 3 
 
1  1 
  
5 
Note. Causes (*) indicates the number of interviewees mentioning the cause 
Table 2. Qualitative interview results (Solutions)
 
 
 Solutions 
Administration  Clinical/Support staff 
Total (#) 
 
Hosp A Hosp B Hosp C  Hosp A Hosp B Hosp C 
Literature 
Coordinating discharges/admissions 5 (*) 4 4  3 2 3 21 
Improving admission process 1 2 3  1 1 3 11 
Improving inpatient bed management 3  1  1  1 6 
Smoothing elective surgery schedules 5  1  1   7 
Field 
solutions 
Improving communication/collaboration 5 4 3  4 4 4 24 
Improving resource management  1 1   2 3 7 
Improving inf. disease management  3 2  1 1 2 9 
Preparing discharge more extensively 5 4 2  4 2 3 20 
Improving external resources 1 1 2   1 1 6 
Note. Solutions (*) indicates the number of interviewees mentioning the solution 
5.2.1 Ancillary service delays
Ancillary service delays were mentioned as a key issue in
causing ED boarding by 2 interviewees. Ancillary services
are traditionally defined as “procedures required prior to vis-
iting a physician”,[16] such as x-rays or laboratory analyzes;
however, other tests that are requested by a physician, some-
times after admission is requested but before the patient is
transferred, are qualified as such as well. Davis et al.[17]
found that ancillary services can experience considerable
delays, increasing patient length of stay (LOS) in the ED,
and this was found to be a common occurrence in the studied
hospitals. There are two main types of ancillary service de-
lays experienced by boarded patients. The first is related to
infectious disease prevention, whereby patients are screened
for various infectious diseases (VRE, methicillin-resistant
staphylococcus aureus [MRSA], Clostridium, etc.); patients
arriving to the ED from long-term care facilities, or from
other hospitals, are obligatorily screened for these infections,
and can thus experience considerable delays after their ad-
mission is requested before arriving to an IP unit. The second
is related to physician requests; on some occasions, consult-
ing physicians will request a patient to be admitted, but also
request additional tests be conducted prior to his arrival to the
IP unit. This most often occurs when patients are unstable.
No solutions were posited by the interviewees in this regard,
however, the literature offers many alternatives, such as the
use of continuous improvement practices[18] and optimiza-
tion modeling to find which aspects of ancillary services are
causing delays.[19]
5.2.2 Staffing levels
Staffing levels in the ED and the IP units were mentioned
as a key issue in causing ED boarding by 5 interviewees.
Many authors have addressed staffing levels,[20] generally
regarding nursing levels and the number of physicians avail-
able per patient. Additionally, the literature review showed
a link between staffing levels and ED crowding.[21] As per
the literature, proper staffing levels are required in order to
promote patient flow and ensure that proper care is given.
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Figure 20. Integrative conceptual framework displaying the causes and solutions of ED boarding validated in the field work
The main concern of the interviewed participants in these
regards was that batching of admissions, transfers (arrivals)
or discharges was too frequent, and that during these periods,
the staff available had difficulties coping with the amount
of work that ensued. Admissions and discharges are not
coordinated and most patients are discharged too late in the
day; in both cases, everything is done in batches, and there
are important peak days and times, which greatly influence
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the workload for the staff available during those times. No
solutions were proposed by any of the interview participants.
5.2.3 Admission process
Improving the admission process was mentioned as a key
solution to ED boarding by 11 interviewees. While it was
not mentioned as a key cause to ED boarding, it received an
important number of comments in regards to possible solu-
tions to this issue. One of the main concerns voiced by the
interviewees was that in order for a patient to be transferred
to an IP unit, the AHN from the ED has to speak directly to
the AHN from the IP unit. They cannot transfer a patient
until the two have dialogued as to the readiness of the IP unit
to receive the patient. Evidently, this can cause problems
and delay the patient’s transfer. Many of the interviewees
said that during periods where AHNs were on a break, this
process could not be completed, and that many times AHNs
participated in patient care activities, and as such were not
present at the desk to receive the calls for confirmation.
Avoiding redundancies and creating a leaner and more effi-
cient admission process was also suggested in the literature.
Standardizing the admission process to a greater extent could
for example benefit hospitals, as can be seen in Ortiga et
al.[22] Ensuring that the process is as easy and comprehen-
sive as possible could benefit the studied hospitals and help
them reduce the number of boarders and their average board-
ing time.
5.3 Causes and solutions: Output category
Output factors are comprised of all the different factors that
prevent patients from being discharged or transferred from
the ED, or that affect hospital and system characteristics.
5.3.1 Uncoordinated admissions/discharges
The lack of coordination between admissions and discharges
was mentioned as a key cause of ED boarding by 11 inter-
viewees. Liu et al. found that coordinating admissions and
discharges was the most beneficial approach for limiting
levels of ED boarding, and the number of interview partic-
ipants who shared this point of view was considerable.[23]
Coordinating admissions and discharges was mentioned as a
potential solution to ED boarding by 21 out of the 25 inter-
view participants.
This prominence of this issue is validated by the quantitative
evidence when comparing the three hospitals. The hospitals
that most often mentioned the lack of coordination between
admissions and discharges as a key issue are also those which
were found to be significantly affected by days of the week in
the SAS model. In other words better coordination between
admissions and discharges reduces the impact of peaks in
demand during the week.
5.3.2 Hospital bed shortages
In the current context, “bed shortages” is related to phys-
ical resources. As per the literature review, we know that
adding more beds generally does not solve issues related
to patient throughput within the patient care process. Sev-
eral authors[24, 25] attempted to find a beneficial link between
adding more hospital beds and ED boarding, but in each case
their studies proved that adding more beds did not improve
the issue. Adding beds in a specific unit may lower boarding
times for patients of that particular type,[24] but inevitably
require additional resources to maintain, and do not present
benefits for other patient types. Moreover, capacity cannot
so easily be increased; more beds will often lead to using
them in an inefficient way. The goal is to use the resources
available in a more optimal way, and it is by altering how
resources are used that this goal will be achieved. This issue
did not come up in any additional documentation and could
not be corroborated with quantitative data. Given that very
few participants mentioned hospital bed shortages as an issue
in causing ED boarding, and given that the literature demon-
strates that management is more important than the amount
of physical resources available for hospital beds, hospital
bed shortages are not considered to be a key issue in causing
ED boarding in this study.
5.3.3 Imbalance in surgical scheduling
Imbalances in surgical scheduling was mentioned as a key
issue in causing ED boarding by 5 interviewees. The partici-
pants who mentioned this as a key issue all interact with sur-
gical schedules directly. Rathlev et al. found that imbalanced
surgical schedules had a link with decreases in throughput,
and this was corroborated with the qualitative data.[26] With
the number of surgeries requiring hospitalization growing
in the participating hospitals, imbalanced surgery schedules
become more and more of a factor in causing ED boarding.
Imbalanced surgery schedules can affect ED boarding in
two ways. First, when the number of surgeries requiring
hospitalization is very high on a given day, many beds are
reserved for these patients, and as such, cannot be used for
admitted ED patients. Moreover, these beds are often empty
for long periods of time while patients are in surgery; given
the limited amount of resources available, this is not an op-
timal allocation of these resources. Second, when surgeons
are in the operating room (OR) for an entire day, this is a
lengthy period of time within which they are not discharging
patients that were attributed to them, which means that beds
that could otherwise have been attributed to ED patients are
not available.
The solution to this problem is to smooth the surgery sched-
ule so as to decrease the large fluctuations in bed reservations
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that can be experienced currently. Although the solution is
evident, the approach can be complex, as there are many
different factors that play into scheduling.[27] Taking into
account that certain factors such as day of the week or month
have an impact on the emergency boarding time, it is advis-
able to use the insights from the quantitative model when
trying to smooth the surgery schedule.
5.3.4 Late discharges
Late discharges were mentioned as a key issue in causing ED
boarding by 15 interview participants. In the current context,
late discharges refer to discharges that are done late in the
day, and not discharges that are delayed because of external
or patient-related factors.
The prominence of late discharges was validated through
the quantitative evidence. All three hospitals experience
the same peak discharge time, which is 14:00-14:59, and
all three hospitals experience the same peak 4-hour period,
which is from 13:00 to 16:59. In the interviews, participants
said that this hindered patient flow, as patients are generally
transferred from the ED to an IP care unit 2 hours after a bed
has been vacated, the period within which the bed and room
are cleaned and sanitized, and the patient is prepped to leave
the ED. What we see, then, is an equally important spike in
patient arrivals that happens late in the day, when there are
fewer staff members (after 15:59) and resources available.
Both the qualitative and the quantitative data show that this
is an important issue in causing ED boarding, and this is
further corroborated by the literature.[28] Quite often, pa-
tients are discharged but cannot leave immediately for one
reason or another, which is yet another reason to discharge
patients earlier, in order to ensure that they can leave as soon
as possible.
The main solution, then, is to shift the peak earlier in the
day, as Powell et al. did in a simulation study.[28] Improving
IP bed management was posited as a potential solution to
ED boarding by 6 interview participants. There are many
authors who wrote about “discharge by noon” initiatives,
which address this issue as well.[29] Complementary, it could
be beneficial to standardize the discharge process more ex-
tensively. None of the visited hospitals have “waiting rooms”
or “lounge” for discharged patients, although some of them
experimented with this concept, but found that it was not
beneficial. Through the literature review, we’ve found that
having more physical resources often does not solve the prob-
lems experienced by hospitals, and this is another example
of such an issue.
5.3.5 Resources related to specific patient needs
Specific patient needs (e.g. telemetry, harness for obese
patients, etc.) were mentioned as a key issue by 13 inter-
view participants. Interviewees mentioned that one of the
main reasons why they struggle in managing this resource
is clinical. Patients are monitored on similar equipment in
the ED, often for numerous hours and even days, but this
period of monitoring is not included when a physician asks
for a patient to be monitored for a certain number of hours.
For example, a patient is monitored in the ED for 48 hours
with no cardiac arrhythmia, and the consulting cardiologist
requests his admission with 72 hours of telemetry monitor-
ing. As the initial 48 hours will not be counted within the
physician’s request, an additional 72 hours of monitoring
will be conducted.
As with any scarce resource, improving resource manage-
ment is an important solution to this problem. The allocation
of scarce resources in healthcare has received considerable
interest in the academic world. Optimizing resource use or
reducing the demand for particular resources[30] and choos-
ing which patients receive particular resources according to
guidelines[31] or according to the patient’s degree of need[32]
are all solutions proposed to this issue.
5.3.6 Specific patient disposition
Specific patient disposition is related to hospital-acquired
infections, also known as nosocomial infections, or other
such infectious diseases (e.g. tuberculosis). This issue was
mentioned as a key cause by 13 interview participants.
The main way to improve this problem is to increase coop-
eration between bed management employees and infectious
disease prevention employees. When patients require iso-
lation, often times beds are lost, as semi-private rooms are
used for single patients. This has a considerable impact on
bed management practices, and on average boarding times.
5.3.7 Inability to discharge patients
The inability to discharge patients was mentioned by 16 in-
terview participants as a key cause for ED boarding. The
inability to discharge patients is segmented into three cate-
gories:
(1) Patients are awaiting a place in a long-term care facil-
ity, or other external resources, and are using a short-
term occupancy bed in the meanwhile;
(2) A patient’s discharge is requested without notice, and
the availability of adapted transportation, the patient’s
family, or other resources prevent him from leaving;
and
(3) Patients are medically ready to leave, but have been
deconditioned through a lengthy stay in the hospital,
and as such require rehabilitation or physiotherapy.
Costa et al. found that in their studied hospitals, ALC (al-
ternate level of care) patients awaiting a place in a LTCF
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(long-term care facility) accounted for 41.5% of total ALC
bed days, even though they only represented 8.8% of total
ALC patients.[33] Increasing partnerships with LTCF as pro-
posed by the interviewees could benefit this segment of the
issue related to the inability to discharge patients.
Many patients still require medical attention after being dis-
charged, and as such, continue to occupy an IP bed for
lengthy periods of time after their discharge is requested.
This problem is also corroborated with the literature. Ac-
cording to Ali Pirani, it is important to improve nurse partici-
pation in discharge planning and to involve both patients and
clinical staff within this process to ensure fluidity.[34]
The final segment is related to patients being deconditioned
during their stay in an IP care unit. Having a complete
treatment plan that is enacted in a timely fashion in collabo-
ration with the required medical practitioners and healthcare
professionals is an improvement that could reduce patients
deconditioning and thus decrease the number of delayed
discharges related to this issue.[35]
5.4 Causes and solutions: Global category
Global factors are described as factors that influence multiple
parts of the patient flow process, that is to say, input, through-
put, and output factors. Within the qualitative interviews,
the lack of communication, collaboration, and information
was the most commonly mentioned cause of ED boarding
in the qualitative interviews, having been pinpointed as one
of the 4 major key issues by 17 participants. Even more
participants mentioned this as a key solution to ED boarding;
in fact, 24 out of 25 interview participants said that the issue
of ED boarding could be improved by increasing communi-
cation, collaboration, and information within the hospital and
between the different actors within the patient care process.
Communication plays a crucial role in the transmission of in-
formation and as a means of creating a community within the
work environment. However, many different interviewees
suggested that there was an important lack of communica-
tion between the ED and IP units. As Leonard, Graham and
Bonacum wrote, “Effective communication and teamwork
is essential for the delivery of high quality, safe patient care.
Communication failures are an extremely common cause of
inadvertent patient harm.”[36]
Finally, a lack of information was felt by most of the partic-
ipants that were interviewed. Different actors encountered
this problem differently, but all had issues with the informa-
tion that was available to them, and found that this could
compromise hospital throughput and patient care. Many
academics have addressed the topic of lacking information
in healthcare environments. Hesselink et al., for example,
surveyed physicians, nurses, and patients, and found that
the different parties all perceived information to be insuffi-
cient.[37] Hellesø and Sogstad,[38] as well as Kannampallil
et al.[39] found that different actors (physicians, nurses, etc.)
use different strategies to obtain information, and that it is
important to cater to these differences when planning the
spread of information.
The causes for ED boarding within the case studies have
been found, and these causes can now be validated through
additional research in other institutions. The causes that were
found are summarized in Table 3.
Table 3. Validated causes of ED boarding in the studied hospitals
 
 
Input Throughput Output Global 
 Fluctuations in demand 
 Ancillary service 
delays 
 Admission process 
 Uncoordinated admissions and discharges 
 Imbalanced surgical schedule 
 Late discharges 
 Patient needs 
 Patient disposition 
 Inability to discharge patients 
 Lack of communication, 
collaboration, and 
information 
 
The causes identified in Table 3 can be further reduced to
4 root causes based on their prominence and validity in the
qualitative, quantitative, academic and documentary data.
While other causes had been validated through different
streams of data as well, these were the 4 major key issues
that arose from the interpretation of data. Importantly, these
causes were significant in each of the hospitals studied, which
leads to the belief that perhaps these causes can be deciphered
in other hospitals. The integrating framework in Figure 21
also links to each root cause the potential solutions as for-
mulated in the interviews or in the literature. The lack of
communication, collaboration and information is in our study
one of the most frequently mentioned prominent causes and
solutions of ED boarding.
Limitations of this research
There are various limitations to this research. A first category
of limitations is related to the nature of the data available. As
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there is a good deal of human intervention within the data
obtained, both qualitative and quantitative, there are some
limitations to the information acquired. Some of the data
obtained from the qualitative interviews was impossible to
corroborate with the quantitative data within the context of
the work, because the required quantitative data was unavail-
able.
Figure 21. Final conceptual framework displaying the 4 root causes of ED boarding and their potential solutions
Since the qualitative categories were created by the authors,
and the data collected from the qualitative interviews was in-
terpreted and categorized by the author as well, the nature of
the data has a certain innate bias. Other researchers may have
categorized the answers differently, or created categories that
were more, or less, precise.
One of the most important limitations of this research is that
not all of the actors within the patient care process were
represented in the qualitative interviews. Moreover, there
were a limited number of interviews conducted, and a limited
amount of time possible for each interview, given that they
were conducted during the interviewees’ shifts.
A final limitation is related to the quantitative data obtained.
There is a great deal of variability found in the boarding time
experienced by patients. Some are boarded for as little as
0 minutes, while others are boarded for as long as 12,000
minutes. Since there is a degree of human intervention within
this process, perhaps the 0 minutes that are demonstrated in
the statistics are not representative of reality. Nevertheless,
outlying results such as these were scarce, and thus had very
little impact on the overall analysis.
6. CONCLUSIONS
Through the analysis of various types of data, this study was
able to pinpoint key issues causing ED boarding in three
Canadian hospitals. Using this information, a final integra-
tive conceptual framework for ED boarding was elaborated,
which offers perspective for other hospitals and management
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practitioners as to what may be causing this issue within their
own institutions. Rather than starting from scratch, these
practitioners now have a framework demonstrating probable
causes for ED boarding, which provides a starting point for
analysis within their establishments. The framework further
shows that the combination of quantitative and qualitative
data is very useful in understanding ED boarding time. The
quantative data cannot only be used in the analysis stage,
but can also help in designing a solution as there are clear
recognizable trends (e.g. peaks). Moreover, if the root causes
are seen to be significant in other institutions, pathways to
improvement are demonstrated as well, which will help man-
agers to reduce ED boarding. The methods by which the
hospital communicates with its employees, the methods by
which employees communicate together, and the nature of
collaborative efforts should not be underestimated in these
improvement efforts. Understanding the nature of these in-
terpersonal problems is an important step in improving this
ED boarding problem and is at the same time an important
topic for further research.
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